Escherichia coli is ordinarily quite insensitive to actinomycin D. However, Leive (2, 3) found that treatment of this organism with ethylenediaminetetraacetic acid (EDTA), which did not itself alter its growth rate or viability, resulted in increased permeability of the organism to this drug and to other substances. Together with other evidence, this finding has led to the suggestion that gram-negative bacteria may possess two membranes separated by the rigid glycopeptide structure and that both of these membranes may function in permeability control (12) . In contrast to gram-positive bacteria, the presence of a second outer membrane barrier in gram-negative bacteria may account for their resistance to actinomycin D. On the other hand, the presence of such a membrane suggests that it may serve as a target for the action of serum complement.
The bactericidal reaction mediated by the complement system is ineffective against grampositive bacteria, probably because the inner plasma membrane of these organisms is too far removed from the site of complement activation (6) . The second outer membrane barrier in gramnegative bacteria, which is in close proximity to the surface antigens of the cell and, therefore, to the site of complement activation, may represent the complement target. There is a loss of permeability control revealed by the sensitivity of complement-killed cells to lysozyme (5) and their loss of radioactivity when labeled with 32p (13 The effect of EDTA treatment upon the resistance of S. typhi to antibiotics other than actinomycin D and to the complement system was then determined. As might be expected, polymyxin, which damages bacterial membranes, was significantly more effective against EDTA-treated organisms than against untreated control cells (Table 1) . Also, novobiocin, whose primary effect may be on deoxyribonucleic ;:^id (DNA) synthesis but which causes a "leaky" cell membrane (1), was more effective against EDTA-treated organisms. The relative resistance of gram-negative bacteria to penicillin has been attributed to a lack of permeability to the antibiotic in these forms. This postulate is compatible with the enhanced activity of penicillin and of bacitracin, which resembles penicillin in its antibiotic spectrum, to EDTA-treated cells.
Of the antibiotics tested in this study, those which inhibit protein synthesis (streptomycin, neomycin, chloramphenicol, and chlortetracycline) were equally effective against EDTAtreated and control cells; their effectiveness does not seem to be limited by the permeability barrier destroyed by EDTA. The effectiveness of mitomycin C, an inhibitor of DNA synthesis, was also the same against both types of cells. Nystatin and cycloheximide, both of which are inactive against untreated bacteria, were also apparently inactive against EDTA-treated S. typhi. Reasons other than the EDTA permeability barrier are evidently responsible for the resistance of bacteria to these antibiotics.
The bactericidal reaction of serum mediated by the antibody-complement system was influenced by EDTA treatment of bacterial cells. The effect was most marked with serum having limited amounts of antibody. There was only a relatively slight difference in sensitivity of EDTA-treated and control organisms to untreated normal serum, and, in the presence of excess antibody, there was no detectable difference (Table 2) . However, when the amount of antibody was limiting, as with absorbed guinea pig serum, there was a marked difference in the susceptibility of EDTAtreated and control cells. These results need to be interpreted in the context of the possible anatomical target of gram-negative bacteria to complement. It was previously postulated that the reason for the insusceptibility of gram-positive bacteria compared with gram-negative bacteria was the greater thickness of the cell wall of gram-positive species, 15 to 50 m,u, compared to gram-negative species with walls of 7.5 to 10 m,u, (10 Finally, treatment of bacteria with EDTA provides a means of separating antibacterial substances into two categories: those whose effectiveness is limited by a permeability barrier destroyed by EDTA and those that are not. It is probably not coincidental that agents known or presumed to have a significant effect upon bacterial membranes, such as the ionized detergents, polymyxin B (1), and complement (6), showed increased potency against EDTA-treated cells. In addition, the slightly increased potency of penicillin against such cells is compatible with the view that its relatively low potency against gram-negative bacteria results from a permeability barrier at least partially removed by EDTA. On the other hand, the potency and apparently the permeability of the aminoglycosides, chloramphenicol, and chlortetracycline, all of which exert their antimicrobial activity primarily by inhibition of protein synthesis, and of mitomycin C, which inhibits DNA synthesis, are not appreciably affected by EDTA treatment.
